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In studies relating to melanin formation it has
been shown that there is an inhibition in vitro of
the tyrosine-tyrosinase reaction by extracts of hu-
man epidermis. This inhibition has been attrib-
uted to the presence of sulfhydryl groups. (1, 2).
After irradiation of epidermal extracts with ultra-
violet light this inhibitory action was absent,
presumably because ultraviolet light causes a
decrease in the concentration of sulfhydryl groups
of the human epidermis (2).
Flcsch (3) reported that ultraviolet irradiation
caused an immediate decrease in the amount of
water-extractable —511 compounds of the skin of
colored rabbits, whereas no such decrease could be
found with albino animals. He explained that in
pigmented skin melanin in the basal layer pre-
vents ultraviolet radiation from reaching the
corium but that in albinos most of the radiation
will pass through the epidermis; therefore, there
is no decrease of —511. On the other hand,
Wels (4) in a histochemical study reported that
—SH concentration increases after exposure of
the human skin to ultraviolet light. Schocken (5)
reported a shift from S—Sto —511 after exposure
of a solution of cystine, and Goldblum, et al. (6, 7,
8) reported an increase of the —SH and S—S
contents with human serum samples. In the above
reports the experimental conditions such as the
irradiation procedure, material irradiated and the
time intervals before determinations were not the
same. Nevertheless these results have led to di-
vergent views on the effect of irradiation on sulf-
hydryl.
None of these studies determined the —811
and S—S concentration at varying time intervals
after ultraviolet irradiation. The present work
was carried out to see if the epidermal concentra-
tion of —SH groups and S—S linkages varied
over a ten-day period following a single exposure
to ultraviolet irradiation.
Albino rat skin was chosen for irradiation and
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the experiment was divided into two parts. The
first objective was to determine the most favor-
able technics to employ, i.e., optimal anatomical
location, preferable method for hair removal,
most effective technic for separating epidermis
from dermis, etc. The second part was the investi-
gation to determine the —511 and S—S concen-
trations over a ten-day post-radiation period.
PART I
One hundred and sixty to two hundred gram
female albino rats were employed in this experi-
ment. The hair was clipped on the backs of one
set of animals and abdomen of another set of anes-
tbesizedt rats. A depilatory was applied to the
backs of a third group of animals. Specimens were
obtained one hour, three days, and six days after
using tbc depilatory.
Animals were sacrificed by pithing and the re-
sidual hair was removed completely with a razor
as quickly as possible. The excised skin was quick-
frozen and stored until time for separation of the
epidermis.
Many technics for the separation of epidermis
from dermis have been proposed (9, 10). The sepa-
ration method must be appropriate for the project
and no single method appears to be superior for
all purposes. For this reason) the following three
separation methods were chosen for evaluation:
1) the physical method of stretching and dissection
(11), 2) a chemical method utilizing ammonium
hydroxide (12), and 3) a chemical method em-
ploying potassium chloride (13). The physical
method was totally unacceptable because the
epidermis was too thin. After chemical separation
the epidermal samples were washed three times
with ether to remove lipid material and then were
dried in a vacuum desiccator and stored under one
atmosphere of nitrogen.
Immediately reactive (free) and denatured
(masked and free) sulfhydryl groups were de-
termined by microamperometric titrationl using
mercuric chloride and a phosphate buffer for all
determinations (14).
t Anesthesia: 2.0 g. chloral hydrate in 50 ml.0.9% saline. 1.5 ml. per rat injected into
peritoneum.t Depilatory: 40 g. yellow barium sulfide pow-der, 20 g. TIDE, and 100 ml. of 10% glycerin in
water. This is applied for a few seconds then
washed off thoroughly with water.
§ Titration apparatus: Sargent PolarographModel XXI, using a calomel reference electrode.
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TABLE IA
Comparison of back skin and abdominal skin and method of
(Hair removed by clippers)
epidermis separation
Separation Method Rat No.
Back Skin Abdominal Skin
Immediate SH Denatured SH Immediate SR DenaturedSH
1 N NH4OH, 20 Minutes,
Room temperature
1
2*
3
4
5
6
7
8
9
10
11
12
14.7
36.5
20.2
16.8
27.6
18.3
16.6
19.6
18.6
17.2
14.0
22.3
19.6
54.5
32.5
18.6
32.3
23.4
20.7
24.0
25.4
28.5
17.4
26.6
13.8
10.7
14.9
12.6
16.2
18.0
22.
16.6
18.2
14.8
19.5
20.9
Mean 18.7 1.1 24.4 1.6 14.4 1.1 18.7 3.3
0.154M KCL, 20 minutes,
Ice cool
1
2
3
4
5
6
20.5
17.6
21.6
22.4
18.8
20.0
26.9
21.2
24.0
26.5
19.6
22.6
20.0
13.6
19.0
16.2
12.8
15.4
23.4
18.5
24.2
20.6
16.5
19.0
Mean 20.2 0.7 23.5 1.2 16.2 1.2 20.4 1.2
—SH is expressed as x 102mM/100 g. dry weight of sample
* No. 2 was omitted from the statistical calculation
TABLE I B
Results and Discussion
Table I A shows the —SH values for the back
and abdomen of normal rats which have had the
hair removed with electric clippers and then
shaved with a razor. The Table also gives a com-
parison of the two chemical methods of separating
the epidermis. Skin of the back yields values that
are higher than those obtained from abdominal
skin with both separation methods. The differ-
ence is statistically significant. Results obtained
Effect of incubation time in 1 N NH4OH solution on immediate SH concentration in rat epidermis
Rat No. 5 Mm. 8 Mm. 10 Mm. 15 Mm. 20 Mm.
1 29.0 18.4 18.3 16.9 22.6
2 19.3 15.7 14.2 13.8 14.9
3 15.6 20.4 21.8 24.6 18.7
4 26.8 29.2 27.8 30.2 29.0
5 13.2 21.0 22.4 24.5 19.4
6 22.0 16.8 16.8 19.3 24.9
Mean 21.0 2.5 20.3 2.0 20.2 1.9 21.6 2.5 21.6 1.9
At room temperature 26°—27° C
Site of rat—back
—SR is expressed as X 102mM/100 g. dry weight samples
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with the ammonium hydroxide and the potassium
chloride methods showed no statistically signi-
ficant difference in values for either immediate
or denatured —511. The ammonium hydroxide
method was recommended for human epidermis
by Ogura, et al. (10). Table I B shows the effect
of incubating time in 1 N NH4OH solution on
immediate —511. Although there was consider-
able individual difference between rats, there
was no statistically significant difference in results
between the varied incubation times. However,
with only five minutes of incubation the actual
process of separation was less satisfactory than
TABLE I C
The effect of a cream depilatory on SH concentration
Separation Method
1 N N114011
iai
1 hour
Rat
1
2
3
Back Skin
Immediate Denatured
SR SH
25.3 22.6
15.7 17.4
13.4 20.0
Average 18.3 20.0
3 days 1
2
24.5
22.7
25.2
27.8
Average 23.6 26.5
6 days 1
2
3
24.5
20.3
28.4
27.0
22.8
29.6
Average 24.4 26.5
O.154M KC1 1 hour 1
2
18.4
26.3
21.2
20.6
Average 18.4 20.9
3 days 1
2
23.2
20.2
25.0
30.0
Average 21.7 30.0
6 days 1
2
13.4
19.6
14.0
20.0
Average 16.5 17.0
with the longer incubation periods. The eight-
minute interval was chosen for these investigative
studies since long incubation periods may pro-
mote the reduction of epidermal S—S.
Table I C shows the —SR values obtained from
skin of the back after utilizing the chemical de-
pilatory preparation. The cream depilatory re-
moved the hair completely, but it was difficult
to use without irritating or damaging the skin.
There were no definite variations at one hour, but
it seemed that there were differences at three and
six days after using the cream depilatory as com-
pared with the control specimens (clipped and
shaved). For these studies the epidermis was
obtained from only undamaged appearing skin.
Interestingly, it was noted that all of the rats
irradiated after the depilatory had been applied
developed large burned areas within twenty-four
hours. The epidermis was destroyed by this com-
bination effect, whereas neither agent alone
caused such a reaction. Since useful results could
not be obtained, this method was abandoned.
Conclusion
It was found that the back was the preferable
site for irradiation because of convenience, that
the eight-minute ammonium hydroxide incu-
bation method was satisfactory for separating the
epidermis from the dermis, and that clipping
followed by shaving was the technic of choice
for removing hair from the rats.
PART II
This experiment was designed to determine the
variation in —SH and S—S concentration that
occurs in rat epidermis after one moderately in-
tense exposure to ultraviolet irradiation.
Method
Anesthesized albino rats' backs were clipped
and one-half of each back was covered by
"Scotch" masking tape. Rats were irradiated for
ten minutes at 50cm. distance with a Mercury Arc
Hot Quartz U.A. 360 watts lamp while the animals
were still under anesthesia. The rats received 24.6
X 10 ergs/cm2* of ultraviolet energy. At prc-de-
termined time intervals animals were sacrificed
and skin was excised for study. The protected half
was used as the control specimen. The epidermis
was separated from the dermis by incubating for
eight minutes in a 1 N NH4OH solution.
—S11 is expressed as x 102mM/100 g. dry __________________________________________
weight sample. * RS Sunlamp Tester (General Electric)
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TABLE II A
Influence of ultraviolet radiation on the sulfhydryl concentration in rat epidermis*
Post Radiation Rat No.
Control Irradiated
Immediate SH Denatured SIT Immediate SH Denatured SH
1 hour 1
2
3
4
5
6t
7
8
14.7
17.0
23.8
19.4
27.8
38.0
21.2
25.3
19.6
23.7
32.3
30.0
38.1
40.7
23.8
29.6
24.5 (+66.7%)
20.9 (+17.0%)
27.2 (+14.3%)
35.6 (+83.5%)
38.0 (+36.7%)
61.7 (+62.4%)
26.8 (+26.4%)
32.8 (+29.6%)
30.0 (+59.2%)
28.4 (+19%)
35.0 (+8.4%)
52.8 (+76.0%)
65.6 (+72.2%)
80.8 (+98.5%)
28.8 (+21.0%)
38.6 (+30.4%)
Mean 21.2 2.2 28.2 2.4 29.4 2.0 (+38.9%) 39.9 5.4 (+41.7%)
1 day 9
10
11
12
13
27.6
18.3
16.6
17.3
25.9
32.3
23.4
20.7
24.6
25.9
32.6 (+17.6)
26.0 (+29.6%)
23.0 (+38.5%)
21.4 (+23.7%)
28.6 (+10.4%)
46.5 (+43.9%)
28.6 (+22.2%)
28.4 (+37.2%)
32.9 (+33.7%)
30.8 (+18.9%)
Mean 21.1 2.3 25.4 1.9 26.3 2.5 (+24.5%) 33.4 3.4 (+31.8%)
3 days 14
15
16
17
18
19
19.6
14.4
18.9
23.6
26.8
30.2
24.0
18.9
24.0
25.8
27.7
32.5
5.1 (—73.9%)
9.4 (—34.7%)
22.4 (+18.5%)
16.4 (—30.5%)
21.9 (—18.3%)
26.3 (—12.9%)
10.2 (—57.5%)
15.6 (—17.5%)
28.4 (+18.3%)
19.3 (—25.2%)
21.6 (—22.0%)
26.0 (—20.0%)
Mean 22.3 2.4 25.5 1.9 16.9 3.3 (—25.3%) 20.2 2.7 (—20.8%)
6 days 20
21
22
23
24
18.6
20.9
33.3
28.9
25.6
25.4
24.5
35.4
28.3
24.9
25.6 (+37.6%)
20.6 (— 1.4%)
30.3 (— 9.0%)
27.3 (— 5.5%)
19.7 (—23.0%)
32.8 (+29.1%)
24.7 (+ 0.8%)
22.3 (—37.0%)
30.0 (+ 6.0%)
21.1 (—11.2%)
Mean 25.5 2.7 27.7 2.0 24.7 2.0 (— 0.3%) 26.2 2.3 (— 0.5%)
9 days
10 days
25
26
27
28
29
30
27.2
14.0
22.3
17.4
25.4
28.1
28.5
17.4
26.6
20.2
30.1
25.7
30.0 (+10.3%)
15.6 (+11.4%)
22.0 (— 1.3%)
18.8 (H- 8.0%)
25.4 ( 0.0%)
31.3 (-1-11.4%)
32.0 (+12.2%)
16.2 (— 6.9%)
25.2 (— 5.2%)
19.9 (— 1.5%)
25.6 (—15.0%)
25.0 (— 2.7%)
Mean 22.4 2.3 24.8 2.0 23.9 2.7 (-I- 6.6%) 24.0 2.2 (— 3.2%)
—SH values are expressed as x 102mM/10() g. dry weight sample
* Each value is an average of 2 or 3 determinations made simultaneously
f Omitted from statistical calculation
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TABLE II B
Influence of ultraviolet light irradiation on the
disulfide concentration in rat epidermis*
Radiation Control Irradiated
1 hour 2
3
4
5
6
7
8
0.54
0.35
0.52
0.38
0.41
0.38
0.34
0.49 (— 9.3%)
0.50 (+42.8%)
0.67 (+28.8%)
0.49 (+26.3%)
0.47 (+14.6%)
0.40 (+ 5.2%)
0.41 (+20.6%)
Mean 0.42 0.03 0.49 0.03 (+18.4%)
1 day
Mean
lOf
11
12
13
0.85
0.49
0.41
0.42
0.44 0.02
0.50 (—41.2%)
0.50 (+ 2.0%)
0.38 (— 7.3%)
0.34 (—19.0%)
0.41 0.04 (— 8.1%)
3 days
Mean
14
15
17
18
19
0.35
0.25
0.42
0.31
0.32
0.39 (+11.4%)
0.27 (+ 8.0%)
0.49 (+16.7%)
0.31 ( 0.0%)
0.42 (+31.2%)
0.38 0.04 (+13.5%)0.33 0.03
6 days 21
22
23
24
0.51
0.31
0.41
0.38
0.38 (—25.5%)
0.33 (+ 6.5%)
0.35 (—14.6%)
0.37 (— 2.6%)
Mean 0.40 0.04 0.36 0.002(— 9.1%)
9 days
10 days
26f
27
28
29
30
1.09
0.59
0.32
0.37
0.58
1.16 (— 0.6%)
0.55 (— 6.8%)
0.32 ( 0.0%)
0.39 (+ 5.4%)
0.51 (—12.1%)
Mean 0.47 0.070.44 0.05 (— 3.4%)
S—S values are expressed as gram %, i.e.,
gram per 100 gram dry weight sample.
* Each value is an average of 2 or 3 determina-
tions made simultaneously.
f These were omitted from statistical calcula-
tion.
Immediately reactive and denaturedsulfhydryl
were determined by a microamperometric tech-
nic. The disulfide content was also determined by
polarographic amperometric titration using the
routine macrotitration technic (15). For S—S re-
duction, the following method was employed: 0.8
to 2.0 mg. sample (dry weight) was incubated in a
boiling water bath with 0.5 ml. 6% NaOH for one
hour (16, 17). The total —SH thus produced, i.e.,
denatured (free and masked) —SH plus S—S that
has been reduced to —SH, was titrated with mer-
curic chloride in a phosphate buffer after neutra-
lization with HC1.
Results
All of the rats used in this experiment devel-
oped a moderately pronounced erythema follow-
ing exposure to ultraviolet light. This erythema
was most marked in the first twenty-four hours,
then became progressively lighter. Since the ani-
mals were all albinos post-irradiation pigmenta-
tion did not occur.
Tables II A and II B indicate the —SH and
S—S concentrations during the ten-day period
following irradiation. Figure I graphically illus-
trates the —SH and S—S concentrations as the
average per cent deviation from the control site.
Values for immediate —511 and denatured —SH
produce curves that are almost identical.
One hour following irradiation, the epidermal
—SH increased and the S—S also increased.
Twenty-four hours after irradiation the epider-
mal —SH still maintained high values, although
they were not as elevated as they were one hour
following irradiation. S—S decreased signi-
ficantly. Three days following irradiation—SH
values decreased; however, the S—S values were
again increased. All values approached normal
ranges by six to ten days post-radiation. How-
ever, there were considerable individual differ-
ences between animals.
Discussion
Lerner and Fitzpatrick (18) explained that
ultraviolet radiation appears to be concerned
with melanin production in at least four different
ways, all of which tend to increase pigmentation.
These are: 1) catalyzing the oxidation of tyrosine
to DOPA, 2) oxidation of —SH groups, 3) de-
creasing redox potential, and 4) increasing the
cutaneous temperature. It has been thought that
ultraviolet light rays convert —SH groups to
S—S linkages by oxidation according to the
following equation: 2R—SH + (0) — R—S—S
—R + 11011.
Goldblum, et al. (7, 8) reported that exposure
of human sera to ultraviolet light produced an
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FIG. 1
increase of both —SR and S—S. It was suggested
that S—S decrease observed in irradiated eystine
solution was probably due to oxidation rather
than formation of —SR (6). Also it was shown
that a small amount of radiation in the 2537 A
range produced a decrease in S—S linkages and
an increase in —511 groups (7).
In this investigation both the epidermal —-511
and S—S concentration of albino rats showed an
increase at one hour post-radiation. The increase
in immediate —511 and denatured—SR probably
cannot be completely explained by either dena-
turation of protein or splitting of disulfide link-
ages (S—S). Certainly an increase in S—S that
occurs simultaneously with an —SR increase
cannot be fully explained by the shift from —-SH
by oxidation. Other as yet unknown factors are
probably present.
The amount of ultraviolet radiation needed to
produce an increase or decrease in —SR groups
and S—S linkages probably varies with the kind
of material irradiated. Under the conditions of
this experiment at three days post-radiation both
—SR values were decreased whereas S—S was
elevated. The concentrations, therefore, varied
somewhat inversely after the initial rise in values
for both —SR and S—S. The process might be
one of redox between S—S and —SR, i.e., reduce
S—S to —SR and vice-versa; however, the
absolute values for S—S linkages are of the order
of about 0.5 g. per 100 g. sample, whereas the
values for the —SR groups are of the order of
about 0.008 g. per 100 g. sample. Thus it seems
unlikely that a redox theory could entirely ac-
count for these findings.
Another possibility is that there might be
structural changes in protein or a reciprocal re-
action with the blood and/or tissue components
to produce the observed results. Also there may
be some factor that reacts with one or more
enzyme systems to establish an equilibrium in
tissues.
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SUMMARY
1. The effect of ultraviolet irradiation on the
sulfhydryl and disulfide concentration in rat
epidermis was studied after determining the opti-
mal method for removing hair and a satisfactory
method for separating the epidermis from dermis.
2. A single intense exposure to ultraviolet
light produced an increase in both the —Sil and
S—S concentration in one hour. After 24 hours
the —Sil values were still increased but S—S had
dropped to a below-normal range.
3. At three days post-radiation, the —SR
concentration had become lower than normal
and the S—S concentration was now higher than
normal. By six to ten days post-radiation the
—SR and S—S values approached normal.
4. An oxidation-reduction phenomenon of
S—S to —SR and vice-versa does not adequately
explain the variations in concentrations since
there is an initial increase in both values and
because of the wide separation in absolute values
of S—S and —SR.
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